Wordscores uses word frequencies to extract information from texts with known policy 
Introduction
Over the past two decades, communication has become an important instrument for monetary policymakers. In line with this development, there has been a surge in empirical studies on central bank communication (Blinder, Ehrmann, Fratzscher, De Haan and Jansen 2008) . Many of these studies refer to the communication policy of the European Central Bank (ECB). There is substantive evidence that ECB communications move financial markets in the intended direction (see, for instance, Ehrmann and Fratzscher 2007) . Likewise, there is much evidence that ECB communications increase the predictability of interest decisions (see, for instance, Sturm and De Haan 2010 ).
An important requirement for communication to be effective is consistency. If central bankers too frequently change their vocabulary, it will be difficult for observers to properly infer the message that central bankers are trying to convey. This paper assesses this internal consistency of ECB communication. Put differently, we assess the similarities in the ECB's vocabulary over the years. How alike, for instance, was the way in which the ECB communicated its monetary policy stance in 1999 and 2009? This concept of consistency differs from the existing literature, which usually focuses on the match between words and subsequent policy decisions (Berger, De Haan and Sturm 2010) . Another prominent take on consistency is the degree of dispersion in communications by various officials from the same central bank (Jansen and De Haan
2006, Ehrmann and Fratzscher 2007).
Although consistency is important, it is also good to note that a degree of flexibility may be necessary when communicating monetary policy. As circumstances change, communication is bound to look for new ways to express the motivations underlying policy decisions. From that perspective, too much emphasis on providing consistency may mean too much rigour with respect to communication. Therefore, we also study potential changes in communication.
With respect to the ECB, there are a number of occasions on which changes in wording may have occurred. Some would argue that, as a new organisation, the ECB perhaps had to learn how to communicate effectively with the outside world. The first years of the Economic and Monetary Union (EMU) may, therefore, have constituted a learning period for the ECB. Second, after an internal assessment, the ECB clarified its monetary policy strategy in May 2003. Although this was not supposed to reflect a change in strategy, many observers interpreted the clarification as downplaying the importance of the role of money in the ECB's strategy (Berger et al., 2010) . In any case, the terms 'economic analysis' and 'monetary analysis' were introduced as new elements in the introductory statements. Third, in order to provide additional relevant information in a timely matter, the ECB started to discuss the quarterly macroeconomic projections by ECB or Eurosystem staff in June 2004. Four times a year, therefore, the introductory statements will contain some information which they did not before mid-2004. Finally, the financial turmoil may have led communication to adapt since mid-2007. The turbulence in financial markets, followed by a severe economic downturn, may have led the ECB to find new words to describe the considerations underlying its monetary policy in this changed environment.
In this paper, we examine whether ECB communications have remained consistent over time, and whether possible changes in vocabulary have increased our understanding of monetary policy. We investigate these two issues by conducting the following thought experiment. Suppose someone had closely followed and analyzed ECB communications during the early years of EMU. How well would this person have been able to understand monetary policy during subsequent years, without heavily investing in any further kind of analysis?
To conduct our thought experiment, we use the Wordscores methodology introduced by Laver, Benoît and Garry (2003) . The idea underlying Wordscores is the following: from texts of which the policy position is known (the so-called reference texts), Wordscores extracts information using word frequencies, and this information is employed to estimate the policy positions of subsequent texts about which nothing is known (the so-called virgin texts). All that is used to infer the policy positions of virgin texts are the words contained in these texts, which are compared with the words observed in reference texts with a known policy position.
We apply the Wordscores methodology to the introductory statements by the President of the ECB at the press conference following the ECB's monetary policy meetings, as that is the ECB's most important communication device (Blinder et al., 2008 This paper proceeds as follows. Section 2 outlines the Wordscores methodology and discusses our particular application to ECB communication. Section 3 presents the results, and section 4 provides a concluding discussion. Laver et al. (2003) introduced the Wordscores methodology to estimate policy positions of political parties in the United Kingdom. In a nutshell, the idea underlying Wordscores is to estimate policy positions by comparing two sets of texts using the relative frequency of words. Prior knowledge on the first set of texts, called reference texts, is used to infer the policy positions of the texts in the second set, which are labelled virgin texts. All that is needed to infer the positions of the virgin texts are the words contained in these texts, which are compared with the words observed in reference texts with 'known' policy positions.
Using Wordscores to analyze ECB communication
The Wordscores method has a particular take on analyzing texts. Laver et al. (2003, p. 312 ) note how the method treats 'texts not as discourses to be read, understood and interpreted for meaning -either by a human coder or a computer program applying a dictionary -but as collections of word data containing information about the position of the texts' authors on predefined policy dimensions.' The method we use in this paper, therefore, differs from papers that either devise their own coding schemes (Buliř, Čihák and Šmídková 2010) or use methods for automated content analysis (Bligh and Hess 2010) . Laver et al. (2003) identify several benefits of the Wordscores methodology. First, it can be used for texts written in any language. Second, because it treats words unequivocally as data, Wordscores is also able to calculate confidence intervals around the estimated scores. Finally, there is no need for heavy human intervention, and Wordscores can be implemented efficiently using the programs that the authors have made available on the internet. 3 To use Wordscores properly, the selection of appropriate reference texts is crucial. The reference texts are required to provide sufficient information on the policy dimension for which one would like to evaluate the virgin texts. Laver et al. (2003) identify three guidelines for the selection of reference texts. Most importantly, the reference texts should be used in the same context as the virgin texts. This implies that the reference texts should relate to a similar context as the virgin texts. It is precisely this key requirement that we use as the basis for studying consistency. In a sense, we are reversing the direction of the analysis. Wordscores requires similarity between reference texts and virgin texts in order to be effective. We will argue that, if it turns out that reference texts are useful to interpret virgin texts, this leads to the conclusion that the two set of texts are internally consistent.
The other two guidelines are also quite intuitive. First, the reference texts should contain enough variation in policy positions, so that the complete spectrum of positions is covered. Finally, the reference texts should contain as many different words as possible. The more words the reference texts contain, the more likely it is that words from the virgin texts can be assigned scores.
We focus on the ECB's most important communication device, i.e., the President's introductory statement at the monthly press conference in which he reports on the decisions taken by the ECB's Governing Council. Following meetings of the Council, which typically take place on the first Thursday of each month, the ECB announces the monetary policy decisions at 13:45 (CET). Some 45 minutes later, at around 14:30, the ECB President and Vice-President hold a press conference that comprises two elements: a prepared introductory statement that contains the background considerations for the monetary policy decision, and a Questions & Answers (Q&A) part during which the President and the Vice-President are available to answer questions by the attending journalists. The introductory statement is understood to reflect the position and views of the Council, agreed upon on a word-by-word basis by its members (Ehrmann and Fratzscher 2009; Berger et al. 2010 ).
We use the ECB President's introductory statements from the early years of EMU in order to understand introductory statements in later years. To be more precise, as a communications that are perceived as dovish (hawkish), and zero to those that appear to be neutral. Whereas some researchers restrict the coding to directional indications by using a scale between -1 and +1, others assign a finer grid that is at least suggestive of magnitude, e.g., by coding statements on a scale from -2 to +2. 5 As an alternative to these 4 We downloaded the KOF-MPC data from http://www.kof.ethz.ch/publications/indicators/communicator/en. URL last accessed on 25 March 2010. We thank Carlo Rosa, Giovanni Verga and Katrin Ullrich for making their data available. 5 Using these indicators, Sturm and De Haan (2010) examine whether ECB communication adds information compared to the information provided by a Taylor rule model in which expected inflation and four indicators, we employ the actual policy decisions by the ECB Governing Council. In doing so, we define the policy dimension ranging between easing (which we assign a score of -1) and tightening (which we assign a score of +1). 6 The four indicators have been used previously for various purposes. Berger et al. (2010) We also use the Wordscores methodology to make inferences about changes in the ECB's vocabulary. As noted, Wordscores assumes that reference texts contain useful output are used. They find that even though the indicators are sometimes quite different from one another, they add information that helps predicting the next policy decision of the ECB compared to the information provided by expected inflation and expected output growth. 6 An interesting extension would be to use the size of the interest rate change as the policy dimension. information for understanding virgin texts published at a later date. However, as Laver et al. (2003, p. 314) acknowledge with respect to the party manifestos that they analyze, this 'assumption is unlikely to be 100 percent correct, since the meaning and usage of words in party manifestos changes over time, even over the time period between two elections in one country.' As we have argued, the same may be true for ECB communications. To identify whether this is the case, we therefore gradually expand the window of introductory statements that we consider as reference texts. If ECB communication changes over time, the positioning of the virgin texts will then also change. As more information becomes available through the wording of the statements, we expect that the method will be better able to match actual interest rate policy. We check this by confronting the estimated policy positions of the virgin text with the actual developments in the ECB's monetary policy stance.
Results
First, we discuss how well the estimated policy positions obtained using Wordscores match with actual developments in ECB monetary policy. For clarity, we note that we are evaluating the match between the score for each introductory statement and the contemporaneous policy decision. 7 Figure 1 shows the results when we use the introductory statements between January 1999 and December 2001 as reference texts and the actual policy decisions to code them. The solid line shows the scores for the virgin texts, i.e., the introductory statements spanning the period January 2002 to July 2009. The figure also shows the 95% confidence interval around the scores. The bars indicate the timing and direction of changes in the ECB main refinancing rate. Figure 2 shows the results in case the reference texts are coded using the ECB communication indicators.
<Insert figures 1 and 2 about here>
At first glance, it is striking how the estimated scores for the introductory statements broadly follow the actual developments in ECB monetary policy. As such, the scores obtained from Wordscores are helpful in obtaining an indication of the ECB monetary policy stance over the years. Admittedly, the correlation is far from perfect, which indicates that the scores may not be the best forecasts. Nevertheless, using only information for the first three years of EMU goes a long way in understanding monetary policy in subsequent years. From this perspective, we conclude that ECB communication over the last decade may be considered as quite consistent.
Next, we address the possibility of changes over time. Tables 1 and 2 Table 1 the reference texts are coded using actual policy decisions, while in Table 2 
Conclusions
In this paper, we apply Wordscores -a method for textual analysis based on word frequencies -to the introductory statements by the ECB President. To use Wordscores, we code introductory statements from the early years of the Economic and Monetary Union using various indicators of ECB communication as well as actual policy decisions.
We see two contributions from our analysis. Wordscores still requires some a priori coding for the reference texts, which could still be time-intensive. Therefore, Wordscores is more likely a complement to, rather than a substitute for other methods of automated content analysis.
We also introduce Wordscores, as we think it can be used to analyze consistency. +0.5 (0.5) , the predicted value is equal to +1 (1) , whereas in between the predicted value is 0. 
